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[57] ABSTRACT

One example of a high-frequency filter includes a dielectric
substrate having a high dielectric constant. On one whole
main face of the dielectric substrate, an earth electrode is
formed. On the other main face of the dielectric substrate,
two pattern electrodes are formed. The pattern electrodes
have first parts formed in parallel at an interval, and second
parts extended in crossing (non-parallel) directions. Also, on
one main face of the dielectric substrate, input-output elec-
trodes are respectively formed near the end parts of the
pattern electrodes, and capacitors are respectively formed
between the open end parts and the input-output electrodes.

3 Claims, 11 Drawing Sheets

X< 10

26b 22b

T D3 l

24D -
20b

23

16a
L3 18a

s

i 22a 26a

/1os ¥
{‘!w..! _240

— —20a
23a

16b
186 L3

12
14




U.S. Patent Apr. 9, 1996 Sheet 1 of 11 5,506,553

FI1GA

_ 2ba 26a 22a 22b 26b 24b 10
I1I
ozjf 2 SN e
20a \ / 20b '
16a
18a 18b L2
Jg 12
- 14
S2
FI1G.2
18b 16b 20b 2°P 10
24b
12
14
F1G.3
10
03 30a 50 28300 e
2La—~_REZ _22a 22b \\ 24b

14



U.S. Patent Apr. 9, 1996 Sheet 2 of 11 5,506,553

FIG.4




U.S. Patent Apr. 9, 1996 Sheet 3 of 11 5,506,553

FIG.5
10
2La 26a 22a 22b 26b 24b
VI |" “1 VI
T_______ LT 0 _T
20a g ‘ 20b
16a 16b
12
14
FIG.6
oL 26a 26b =
._,...'..E..!,,,., e B ,,.!,!,!-,, 24b
WIIIIIIII 12

o S S N A S N SN N N SN S N N SN N S A N S S AN S S S N

14



U.S. Patent ~ Apr. 9, 1996 Sheet 4 of 11 5,506,553

FI1G.7
24a 26a 22a 22b 26b 24b
VI l VIII
L-m “ E _m-_T
20a 20b
16 a 16b
18 2 18b
14
12
F1G.8
10

- 26a 26b
24 a 1 - 22a 22 b 5 24Lb

XA (77T ' Y IrPNTIVA

/777777 12

L N S N N N N N N N N N N s A N N N N s N s N N e L NN S S RNy




U.S. Patent Apr. 9, 1996 Sheet 5 of 11 - 5,506,553 ‘

FI1G.9
A< 10
26b 22b | 22a 26a
X-&—
F1G.10
10
FIGAT

b 22b 22a 30a 10
26a

240
12
14

26b
24D

" preZe ey
’f "y -\‘ 9
cFAAD vy WFFL VL.

GIIIIIINS:

i A S S AN SN O S SR A T O Oy

28b 28a



U.S. Patent Apr. 9, 1996 Sheet 6 of 11 5,506,553

F1G.12

10
24b - 24
265[:3\..,”V.~j..\(ji I'_;:-ZGG
23
20b l \ I 20a
Cc

16a 16b



U.S. Patent Apr. 9, 1996 Sheet 7 of 11 5,506,553
F1G.13

FI1G.4

16a 16 b



U.S. Patent Apr. 9, 1996 Sheet 8 of 11 5,506,553

F1G.15
. FMBODIMENT
0 SHOWN IN FIG.S
8 |
=
- | |
@
-
<
D
d
1] EMBODIMENT
> SHOWN IN F1G.13

]

————

FREQUENCY




U.S. Patent "Apr. 9,1996  Sheet 9 of 11 5,506,553

F1G.16
10
26b 22b 22a 26a

24b I, A\ 1.—24a

S N

14
F1G.17
10

26b 26Q
22b 22a 24a

24\ e { )

14



- U.S. Patent Apr. 9, 1996 Sheet 10 of 11 5,506,553

F1G.18
PRIOR ART
1
X
L1
4
F1G.19
PRIOR ART
5b 4D ]
; 2
3
FI1G. 20
PRIOR ART
' 51 — 3 1
R
i dET
D1
4La Y




U.S. Patent Apr. 9, 1996 Sheet 11 of 11 5,506,553

FI1G. 21
PRIOR ART
4a El_ 4b 4c 4d  4e 1
1] 23—} 1 5h
o B
3
F1G.22
PRIOR ART
1
bbb 4e




5,506,553

1
HIGH-FREQUENCY FILTER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a high-frequency filter,
and particularly, to a high-frequency filter which is a plane
type distributed constant filter using a dielectric substrate
and having plural resonators and is used as, for example, a
band-pass filter or the like.

2. Description of the Prior Art

FIG. 18 is a plan view showing an example of a conven-
tional high-frequency filter which is in the background of the
present invention, FIG. 19 is a side view thereof. The
high-frequency filter 1 includes a dielectric substrate 2
having, for example, a dielectric constant of 10-20. On one
whole main face of the dielectric substrate 2. an earth
electrode 3 1s formed. Also, on the other main face of the
dielectric substrate 2, two linear pattern electrodes 4a and 4b
are formed so as to be opposite to the earth electrode 3. In
this case, the pattern electrodes 4a and 4b are formed in
parallel at a fixed interval S1 so as to electromagnetically
couple. One end of each of the pattern electrodes 4a and 4b
is connected to the earth electrode 3 via one side face of the
dielectric substrate 2. One resonator of length A/4 is con-
structed with the dielectric substrate 2, the earth electrode 3
and one pattern electrode 4a, and another resonator of length
M4 is constructed with the dielectric substrate 2, the earth
electrode 3 and the other pattern electrode 4b. Also, input-
output electrodes Sa and 5b are formed so as to extend from
intermediate parts of the pattern electrodes 4a and 4b to both
side parts of the dielectric substrate 2. Thus, the high-
frequency filter 1 is constructed as a comb line filter.

FIG. 20 is a plan view showing another example of a
conventional high-frequency filter which is in the back-
ground of the present invention. In the conventional
example shown in FIG. 20, compared with the conventional
example shown in FIG. 18 and FIG. 19, the opposite ends of
the pattern electrodes 4a and 4b are connected to the earth
electrode 3. Thus, the high-frequency filter 1 shown in FIG.
20 1s constructed as an interdigital filter.

Also, for example, Japanese publication No. 28441/1985
discloses an example of a conventional strip line filter which
18 1n the background of the present invention. FIG. 21 is a
plan view showing an example of such a conventional
high-frequency filter, FIG. 22 is a side view thereof. The
high-frequency filter 1 shown in FIG. 21 and FIG. 22
includes a dielectric substrate 2 having, for example, a
dielectric constant of 10-20. On one whole main face of the
dielectric substrate 2, an earth electrode 3 is formed. Also,
on the other main face of the dielectric substrate 2, five linear
pattern electrodes 4a, 4b, 4c, 4d and 4e are formed so as to
be opposite to the earth electrode 3. In this case, the pattern
electrodes 4a—4e are formed in parallel at a fixed interval S1
so as to electromagnetically couple each two adjoining
pattern electrodes. One end of each of the pattern electrodes
4a—4e 1s connected to the earth electrode 3 via one side face
of the dielectric substrate 2. Thus, five resonators of length
A4 are constructed with the dielectric substrate 2, the earth
electrode 3 and the five pattern electrodes 4a-de. Also,
input-output electrodes Sa and 3b are formed so as to extend
from intermediate parts of the pattern electrodes 4a and 4e
to both sides of the dielectric substrate 2. Thus, the high-

frequency filter 1 is constructed as a comb line filter.

In the high-frequency filter 1 shown in FIG. 18 through
FIG. 20, for miniaturizing the filter as required in recent
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years, when the dielectric constant of the dielectric substrate
2 1s increased for shortening each length L1 of the pattern
electrodes 4a and 4b of the two resonators and so on, an
interference effect in an electromagnetic field between the
two resonators 1S too strong. That is, when the dielectric
constant of the dielectric substrate 2 is increased, the elec-
tromagnetic coupling between the pattern electrodes 4a and
4b of the two resonators is too strong. Thus, frequency
characteristics such a selectivity characteristic of the high-
frequency filter are deteriorated. For correcting the deterio-
ration of the frequency characteristics, it is necessary to
redesign it for extending the interval S1 between the pattern
electrodes 4a and 4b of the two resonators and so on.
However, when the interval S1 between the pattern elec-
trodes 4a and 4b of the two resonators is extended, the
high-frequency filter becomes large, not miniaturized.

Also, in the high-frequency filter 1 shown in FIG. 18
through FIG. 20, since its input-output impedance and an
external circuit are matched by drawing the input-output
electrodes 3a and Sb from the intermediate parts of the
pattern electrodes 4a and 4b directly, the coupling degree
between the two resonators is changed by an interference
effect in an electromagnetic field, so it is necessary to adjust
cach distance D1 from the short ends (the ends connected to
the earth electrode 3) of the pattern electrodes 4a and 45 to
the inpui-output electrodes 5a and Sb, or each width T of the
input-output electrodes Sa and 5b, which makes such a filter
complex and difficult to design.

Furthermore, in the high-frequency filter 1 shown in FIG.
18 through FIG. 20, there is a problem that even if the
input-output impedance is matched as above mentioned,
when the impedance of the external circuit is changed, the
frequency characteristic is easily changed too.

Also, in the high-frequency filter 1 shown in FIG. 21 and
FIG. 22, for obtaining a high efficiency frequency charac-
teristic having a large attenuation, it is a problem that not
only must the resonators be coupled to form a multi-stage
filter, which makes the filter large, but also it becomes
difficult, involving an exponential function, to design in
order to increase the stage number of the resonators.

Furthermore, in the high-frequency filter 1 shown in FIG.
21 and FIG. 22, for miniaturizing the filter as the market has
required in recent years, when the dielectric constant of the
dielectric substrate 2 is increased for shortening each length
L1 of the pattern electrodes 4a—4e of the five resonators and
so on, an interference eilect in an electromagnetic filed
between each two adjoining resonators is too strong. Thus,
frequency characteristics such as a selectivity characteristic
of the high-frequency filter are deteriorated. For correcting
the deterioration of the frequency characteristics, a redesign
is necessary for extending the interval S1 between the
pattern electrodes of each two adjoining resonators and so
on. Then, when the interval S1 between the pattern elec-
trodes of two adjoining resonators is extended, the high-
frequency filter becomes large, which interferes with min-
iaturizing, and it becomes difficult to design it. In some
cases, it 1s impossible to design it.

SUMMARY OF THE INVENTION

Therefore, it 1s a primary object of the present invention
to provide a high-frequency filter that can be miniaturized.

A high-frequency filter according to the present invention
1s a high-frequency filter comprnsing a dielectric substrate
having a high dielectric constant, an earth electrode formed
on one main face of the dielectric substrate, and plural
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pattern electrodes formed on the other main face of the
dielectric substrate so as to be opposite to the earth elec-
trode, wherein first parts of the plural pattern electrodes are
formed in parallel separated by an interval, and second parts
of the plural pattern electrodes are formed so as to extend in
crossing (non-parallel) directions.

In the high-frequency filter according to the present
invention, plural resonators are formed by the dielectric
substrate, the earth electrode and the plural pattern elec-
trodes. |

Also, since the first parts of the plural pattern electrodes
are formed in parallel at an interval, the plural pattern
electrodes are electromagnetically coupled at the first parts.
However, since the second parts of the plural pattern elec-
trodes are formed so as to extend in crossing directions, the
plural pattern electrodes are hardly electromagnetically
coupled at the second parts. Thus, the plural resonators
hardly have any electromagnetic interference effect.

According to the present invention, in a high-frequency
filter, since a dielectric substrate having a high dielectric
constant 18 used, the length of each of the plural pattemn
electrodes can be shortened, and furthermore, since the
plural resonators have hardly any interference effect in an
electromagnetic field, the interval between the pattern elec-
trodes of the plural resonators can be narrowed. Thus, it is
possible to miniaturize the high-frequency filter.

It is another object of the present invention to provide a
high-frequency filter which can be miniaturized and has a
good frequency characteristic.

Another high-frequency filter according to the present
invention i1s a high-frequency filter comprising a dielectric
substrate, an earth electrode formed on one main face of the
dielectric substrate, and plural pattern electrodes formed on
the other main face of the dielectric substrate so as to be
opposite to the earth electrode, wherein first parts of the
plural pattern electrodes are formed 1n parallel at an interval,
second parts of the plural pattern electrodes are formed so as
to extend in crossing directions, and a dielectric layer 1is
formed between overlapped parts of the second parts of the
plural pattern electrodes. Further, an electrostatic capaci-
tance may be formed between two input-output electrodes.

In this high-frequency filter, plural resonators are formed
by the dielectric substrate, the earth electrode and the plural
pattern electrodes.

Since the dielectric layer is formed between the over-
lapped parts of the second parts of the plural pattern elec-
trodes, and an electrostatic capacitance is generated ther-
ebetween, not only an electromagnetic coupling, but also a
capacitive coupling is generated between the plural pattern
electrodes. Thus, the interval between the plural pattern
clectrodes can be extended for decreasing the coupling.
Accordingly, in addition to the effect of overlapping the
second parts of the plural pattemn electrodes, the distance in
the line direction of the plural pattern electrodes can be
shortened.

According to the present invention, in a high-frequency
filter, the distance in the line direction of the plural pattern
electrodes can be shortened. Thus, it 1s possible to minia-
turize a high-frequency filter. Further, when a dielectric
substrate having a high dielectric constant is used, the length
of each of the plural pattern electrodes can be shortened and
more miniaturized, whereby the effects of the present inven-
tion become even more preferable.

Furthermore, according to the present invention, in a
high-frequency filter, since the dielectric layer is formed
between the overlapped parts of the second parts of the
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plural pattern electrodes, and the electrostatic capacitance is
generated therebetween, an attenuation pole is generated at
a low frequency side of a passband, improving the frequency
characteristic. Further, when electrostatic capacitance 1S
formed between two input-output electrodes in the high-
frequency filter, attenuation poles are generated at both a
high frequency side and a low frequency side of a passband,
whereby the frequency characteristic becomes even better.

The above and further objects, features and advantages of

the present invention will be more fully apparent from the
following detailed description of the embodiments with

accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view showing one embodiment of the
present invention.

FIG. 2 is a side view of the embodiment shown in FIG. 1.
FIG. 3 is a sectional view taken along the line 1II—III of

FIG. 1.

FIG. 4 1s an equivalent circuit diagram of the embodiment
shown in FIG. 1.

FIG. 5 1s a plan view showing a modification of the
embodiment shown in FIG. 1.

FIG. 6 is a sectional view taken along the line VI—VI of
FIG. 5.

- FIG. 7 is a plan view showing another modification of the '
embodiment shown in FIG. 1.

FIG. 8 is a sectional view taken along the line VITI—VIII
of FIG. 7.

FIG. 9 1s a plan view showing another embodiment of the
present invention. |

FIG. 10 is a sectional view taken along the line X—X of
FIG. 9.

FIG. 11 is sectional view taken along the line XI—XI of
FIG. 9.

F1G. 12 1s an equivalent circuit diagram of the embodi-
ment shown in FIG. 9.

FIG. 13 1s a plan view showing still another embodiment
of the present invention.

FIG. 14 is an equivalent circuit diagram of the embodi-
ment shown in FIG. 13.

FIG. 15 is a graph showing frequency characteristics of
the embodiment shown in FIG. 9 and the embodiment
shown in FIG. 13.

FIG. 16 1s an 1llustrative view showing a modification of
the embodiment shown in FIG. 9.

FIG. 17 is an illustrative view showing another modifi-
cation of the embodiment shown in FIG. 9.

FIG. 18 is a plan view showing an example of a conven-
tional high-frequency filter which 1s a background of the
present invention.

FIG. 19 1s a side view of the high-frequency filter shown
in FIG. 18.

FIG. 20 is a plan view showing another example of a
conventional high-frequency filter which is a background of
the present invention.

FIG. 21 1s a plan view showing still another example of
a conventional high-frequency filter.

FIG. 22 1s a side view of the high-frequency filter shown
in FIG. 21.

DESCRIPTION OF THE PREFERRED
- EMBODIMENTS

FIG. 1 is a plan view showing one embodiment of the
present invention, FIG. 2 is a side view thereof, and FIG. 3



3,506,553

S

1S a sectional view taken along the line III—III of FIG. 1.
The high-frequency filter 10 includes, for example, a rect-
angular dielectric substrate 12. A material having a high

dielectric constant, for example, a dielectric constant of 50,
1S used as the dielectric substrate 12.

On one whole main face of the dielectric substrate 12, an
earth electrode 14 1s formed. The earth electrode 14 is also

extended onto an end part of the other main face of the
dielectric substrate 12.

On a second main face of the dielectric substrate 12, two
pattern electrodes 16a and 16b are formed. One pattern
electrode 16a has a first part 184 linearly extending from the
earth electrode 14 in the front and rear direction of the

substrate, and a second part 20a linearly extending from the
first part 18a in a direction toward the outside of the
substrate at an angle, for example, 45 degrees. Similarly, the
other pattern electrode 16b has a first part 18b linearly
extending from the earth electrode 14 in the front and rear
direction, and a second part 206 linearly extending from the
first part 185 in an outward direction at an angle, for
example, 45 degrees. Thus, in the two pattern electrodes 16a
and 16b, the first parts 184 and 18 are formed in parallel at
an interval S2, and the second parts 20a and 205 are formed
so as to extend in crossing (non-parallel) directions. Thus,
the two pattern electrodes 16a and 16b are electromagneti-
cally coupled at the first parts 18a and 18b, and are hardly

electromagnetically coupled at the second parts 20a and
20b.

Furthermore, on the second main face of the dielectric
substrate 12, two input-output electrodes 24a and 24b are
formed near the tip parts (the open ends) 22a and 22b of the
pattern electrodes 16a and 165.

Also, capacitors 26a and 26b are respectively formed
between the tip parts 22a, 22b of the pattern electrodes 164,
16b and the input-output electrodes 24a and 24b. As shown
in FIG. 3, one capacitor 26a is formed by the tip part 22a of
the pattern electrode 164, a diclectric layer 28a formed on
the tip part 22 and so on, and an electrode 30a extending
from the input-output electrode 244 to the top of the dielec-
tric layer 28a. Similarly, the other capacitor 265 is formed by
the tip part 22b of the pattern electrode 16b, a dielectric layer
28b formed on the tip part 225 and so on, and an electrode

305 extending from the input-output electrode 245 to the top
of the dielectric layer 28b.

Accordingly, the high-frequency filter 10 has an equiva-
lent circuit shown in FIG. 4.

In the high-frequency filter 10, one resonator of length A/4
1s constructed with the dielectric substrate 12, the earth
clectrode 14 and one pattern electrode 164, another resona-
tor of length A/4 is constructed with the dielectric substrate

12, the earth electrode 14 and the other pattern electrode
165.

Also, in the high-frequency filter 10, since the first parts
18a and 185b of the two pattern electrodes 16a and 165 are
formed in parallel at the interval $2, the two pattern elec-
trodes 16a and 165 are electromagnetically coupled at the
first parts 18a and 185. However, since the second parts 20a
and 206 of the two pattern electrodes 16a and 165 are
formed so as to extend in crossing directions, the two pattern
electrodes 16a and 16b are hardly electromagnetically
coupled at the second parts 20a and 20b. Thus, the two

resonators hardly have any interference effect in an electro-
magnetic field.

In the high-frequency filter 10, since the dielectric sub-
strate 12 has a high dielectric constant, the length of each of
the two pattern electrodes 16a and 165 can be shortened in
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comparison to each length in the conventional example, and
furthermore, since the two resonators hardly have any inter-
ference effect in an electromagnetic field, the interval $2
between the pattern electrodes 16a and 165 of the two
resonators can be narrowed in comparison to the interval S1
in the conventional example. Thus, in the high-frequency
filter 10, 1t is possible to make the filter smaller than the
conventional example.

Also, 1n the high-frequency filter 10, since the two reso-
nators are coupled mainly by electromagnetic coupling at
only the first parts 18a and 18b near the 10 short proximal
ends of the pattern clectrodes 16a and 165 of the two
resonators, and the two resonators hardly have any interfer-
ence effect in an electromagnetic field, regardless of using
the dielectric substrate 12 having a high dielectric constant,
complexity or difficulty in design is rare, so it is compara-
tively easy to design.

Furthermore, in the high-frequency filter 10, since the
input-output electrodes 24a and 24b are connected to the
pattern electrodes 16a and 165 of the two resonators via the
capacitors 26a and 260, it is possible to have a compara-
tively high input-output impedance, for example, one hun-
dred and several tens of ohms. Thus, in the high-frequency
filter 10, against the impedance changing of the external
circuit having a nominal impedance of 50 ohms, the dete-
rioration of the frequency characteristic is small.

Also, the high-frequency filter 10 has some degree of
freedom 1n design, as the distance 1.2 from the end of the
earth electrode 14 on the second main face of the dielectric
substrate 12 to the 45 degree corner of the pattern electrodes
16a and 16b, or the interval $2 between the first parts 18a
and 18b of the pattern electrodes 16a and 16b, can be
suitably changed. Further, the position spacing D2 of the
input-output electrodes 24a and 24b can be changed to some
extent without substantially changing the A/4 length of the
resonator. That 1s, handling becomes easy in case of mount-

ing the high-frequency filter on a printed circuit board or the
like.

FIG. 5 is a plan view showing a modification of the
embodiment shown in FIG. 1, FIG. 6 is a sectional view
taken along the line VI—VI of FIG. 5. The main difference
between the embodiment shown in FIG. § and FIG. 6, and
the embodiment shown in FIG. 1, is that chip capacitors 26a
and 26 are connected between the tip parts 224, 22b of the

pattern electrodes 16a, 165 and the input-output electrodes
24a and 24b.

FIG. 7 1s a plan view showing another modification of the
embodiment shown in FIG. 1, FIG. 8 is a sectional view
taken along the line VIII—VII of FIG. 7. The main differ-
ence between the embodiment shown in FIG. 7 and FIG. 8,
and the embodiment shown in FIG. 1, is that the tip parts 22a
and 22b of the pattern electrodes 16a and 165 and the
input-output electrodes 24a and 24b are formed close
together. Thus, the capacitances of the capacitors 26a and
26b formed by the gap between the tip parts 22a, 22b of the
pattern electrodes 16a, 16/ and the input-output electrodes
24a, 24b, are respectively used.

Meanwhile, in each embodiment shown in FIG. 1 through
FIG. 8, though the second parts 20a and 20b of the pattern
electrodes 16a and 16b are respectively formed extending
from the first parts 18a and 18b at an angle of 45 degrees,
it 1s sufficient merely to form the second parts 20a and 205
extending in crossing directions, so the second parts 20a and
2056 may be formed at another angle. For example, one angle
may be 40 degrees and the other angle may be 50 degrees.

Also, in each embodiment shown in FIG. 1 through FIG.
8, though having two pattern electrodes, that is, two reso-
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nators of length A/4, the present invention can also be
applied to a high-frequency filter having three pattern elec-
trodes, that is, three resonators of length A/4 in this case, the
pattern electrodes may be formed so that the second parts
(the open ends) are extended in crossing directions in each
two adjoining pattern electrodes.

Meanwhile, in each embodiment shown in FIG. 1 through
FIG. 8, though in each example, each resonator has a length
of A/4 having the first end connected to the earth electrode,
the present invention is also applicable to a high-frequency
filter using resonators of length A/2 having the first end open.

Furthermore, 1n each embodiment shown in FIG. 1

through FIG. 8, though one dielectric substrate is used, the
present invention is also applicable to a multilayer high-

frequency filter wherein plural dielectric layers and so on are
laminated and made uniform. In this case, since the coupling
between the pattern electrodes becomes strong, the present
invention becomes especially useful.

FIG. 9 1s a plan view showing another embodiment of the
present invention, FIG. 10 1s a sectional view taken along the
line X—X of FIG. 9. FIG. 11 is a sectional view taken along
the line XI—XI of FIG. 9. The high-frequency filter 10
shown in FIG. 9 includes, for example, a rectangular dielec-
tric substrate 12. A material having a high dielectric con-
stant, for example, a dielectric constant of 50 or more, is
used as the dielectric substrate 12.

On one whole main face of the dielectric substrate 12, an

carth electrode 14 1s formed. The earth electrode 14 is also
extended across one side face and onto an end part of the

second main face of the dielectric substrate 12.

On the second main face of the dielectric substrate 12, two
pattern electrodes 16a and 16b are formed. One pattern
electrode 16a has a first part 18a linearly extending from the
earth electrode 14 in the front and rear direction, and a
second part 20a linearly extending from the first part 184 in
an inward direction 10 at an angle, for example, 48 degrees.
Similarly, the other pattern electrode 165 has a first part 185
linearly extending from the earth electrode 14 in the front
and rear direction, and a second part 200 linearly extending
from the first part 185 in an inward direction at an angle, for
example, 45 degrees. In this case, in the two pattern elec-
trodes 16a and 16b, the first parts 18a and 186 are formed
in parallel at an interval $3, and the second parts 20a and 205
are formed so as to cross each other. Thus, the two pattern
electrodes 16a and 165 are electromagnetically coupled at
the first parts 18a and 18b, and are hardly electromagneti-
cally coupled at the second parts 20a and 20b. Meanwhile,
the tip parts (the open end parts) 22a and 22b of the pattern
electrodes 16a and 165 are formed so as to be at opposite
sides of the dielectric substrate 12.

Also, a capacitor 23 is formed between overlapped parts
of the second parts 20a and 205 of the pattern electrodes 16a
and 16b. As shown in FIG. 10, the capacitor 23 is formed by
an intermediate part of the second part 20a of the pattern
electrode 164, a dielectric layer 23a formed on the interme-
diate part and so on, and an intermediate part of the second
part 205 of the pattern electrode 165 formed on the dielectric
layer 23a. Meanwhile, the dielectric layer 23a is formed, for
example, of a dielectric material such as polyimide, for
example 5 um thick, by a method such as photolithography.
Then, between the intermediate parts of the other side parts
20a and 20b, an electrostatic capacitance Cc, for example,
0.2-0.8 pF, is generated.

Furthermore, on the second main face of the dielectric
substrate 12, two input-output electrodes 24a and 24b are
formed near the tip parts 22a and 226 of the pattern
electrodes 16a and 165.
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Also, capacitors 26a and 26b are respectively formed
between the tip parts 22a, 22b of the pattern electrodes 164,
16/ and the input-output electrodes 24a and 245. As shown
in FIG. 11, one capacitor 26a ts constructed with the tip part
22a of the pattern electrode 16a, a dielectric layer 28a

formed on the tip part 224 and so on, and an electrode 30a
extending from the input-output electrode 24a to the top of
the dielectric layer 28a. Similarly, the other capacitor 26b 1s
constructed with the tip part 225 of the pattern electrode 165,
a dielectric layer 286 formed on the tip part 22b and so on,
and an electrode 30/ extending from the input-output elec-
trode 24b to the top of the dielectric layer 28b.

Accordingly, the high-frequency filter 10 shown in FIG. 9
has an equivalent circuit shown in FIG. 12.

In the high-frequency filter 10 shown in FIG. 9, one
resonator of length A/4 is constructed with the dielectric
substrate 12, the earth electrode 14 and one pattern electrode
164, another resonator of length A/4 is constructed with the
dielectric substrate 12, the earth electrode 14 and the other
pattern electrode 165.

Also, in the high-frequency filter 10 shown in FIG. 9,
since the first parts 18a and 185 of the two pattern electrodes
16a and 16b are formed in parallel at the interval $3, the two
pattern electrodes 16a and 16b are electromagnetically
coupled at the first parts 18a and 185. However, since the
second parts 20a and 2056 of the two pattern electrodes 16a
and 16b are formed so as to cross each other, the two pattern
electrodes 16a and 160 are hardly electromagnetically
coupled at the second parts 20a and 206. Thus, the two
resonators hardly have any interference effect in an electro-
magnetic field.

Furthermore, in the high-frequency filter 10 shown in
FIG. 9, since the dielectric layer 23a is formed between the
overlapped parts of the second part 20a and 205 of the two
pattern electrodes 16a and 16b, and the electrostatic capaci-
tance Cc 1s generated therebetween, besides an electromag-
netic coupling, a capacitive coupling is generated between
the two pattern electrodes 16a and 16b. Thus, the electro-
magnetic coupling must be decreased by extending the
interval between the two pattern electrodes 16a and 16b.
Accordingly, besides the effect of overlapping the second
parts 20a and 20b of the two pattern electrodes 16a and 165,
the distance in the line direction of the two pattern electrodes
16a and 16b can be drastically shortened by extending the
interval between the two pattern electrodes 16a and 165,
compared with the conventional examples shown in FIG. 18
through FIG. 22 and the embodiments shown in FIG. 1
through FIG. 8.

As mentioned above, in the high-frequency filter 10
shown in FIG. 9, since the dielectric substrate 12 having a
high dielectric constant is used, the length of each of the two
pattern electrodes 16a and 1656 can be shortened in com-
parison with each length in the conventional examples
shown in FIG. 18 through FIG. 22. Furthermore, the dis-
tance in the line direction of the two pattern electrodes 16a
and 165 can be drastically narrowed, in comparison with the
distance in the conventional examples shown in FIG. 18
through FIG. 22 and the embodiments shown in FIG. 1
through FIG. 8. Thus, in the high-frequency filter 10 shown
in FIG. 9, 1t is possible to miniaturize more than in the
conventional example and so on.

Furthermore, in the high-frequency filter 10 shown in
FI1G. 9, since the dielectric layer 23a is formed between the

crossing parts of the second parts 20q and 206 of the two
pattern electrodes 16a and 165, and the electrostatic capaci-

tance Cc is generated therebetween, an attenuation pole is
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generated 1n a low frequency side, whereby the frequency
characteristic becomes better.

Also, in the high-frequency filier 10 shown in FIG. 9,
since the two resonators are coupled mainly by electromag-
netic coupling at only the first parts 18a and 186 near the
short ends of the pattern electrodes 16a and 164 of the two
resonators, and the two resonators hardly have any interfer-
ence effect in an electromagnetic field, regardless of the
dielectric substrate 12 having a high dielectric constant,
complexity or difficulty in design is rare, whereby it is
comparatively easy to design.

Furthermore, in the high-frequency filter 10 shown in
FIG. 9, since the input-output electrodes 24a and 24b are

connected to the pattern electrodes 16a and 165 of the two
resonators via the capacitors 26a and 26b, it is possible to
have a comparatively high input-output impedance, for
example, one hundred and several tens of ohms. Thus, in the
high-frequency filter 10 shown in FIG. 9, against the imped-
ance changing of the external circuit having a nominal
impedance of 50 ohms, the deterioration of the frequency
characteristic 1s small.

Also, in the high-frequency filter 10 shown in FIG. 9,
there 1s some degree of freedom in design, as the distance L3
from the end of the earth electrode 14 on the second main
face of the dielectric substrate 12 to the 45 degree corner
parts of the pattern electrodes 16a and 16b or the interval $3
between the first parts 18a and 185 of the pattern electrodes
16a and 16b can be suitably changed, and the position
spacing D3 of the input-output electrodes 24a and 24b can
be changed to some extent in a state wherein the A/4 length
of the resonator is hardly changed.

FIG. 13 is a plan view showing still another embodiment
of the present invention. In the embodiment shown in FIG.
13, compared with the embodiment shown in FIG. 9, the tip
parts 22a and 22b of the two pattern electrodes 16a and 165
are formed at the opposite side of the dielectric substrate 12
from the earth electrode 14. Furthermore, the two input-
output electrodes 24a and 24b are formed close to each
other. Thus, electrostatic capacitance Cp is generated
between the two input-output electrodes 24a and 24b.
Accordingly, the high-frequency filter 10 shown in FIG. 13
has an equivalent circuit shown in FIG. 14.

In the high-frequency filter 10 shown in FIG. 13, com-
pared with the high-frequency filter 10 shown in FIG. 9,
since the electrostatic capacitance Cp 1s generated between
the two input-output electrodes 24a and 24b, an attenuation
pole is generated at both a low frequency side and a high

frequency side, whereby the frequency characteristic
becomes better.

Also, in the high-frequency filter 10 shown in FIG. 13,
compared with the high-frequency filter 10 shown in FIG. 9,
since the distance between the tip parts 22a, 22b of the two
pattern electrodes 16a, 16b, the distance between the two
input-output electrodes 24a and 24b and so on become
narrow, 1t 1s possible to miniaturize even more.

FIG. 15 shows the frequency characteristics of the
embodiment shown in FIG. 9 and the embodiment shown in
FIG. 13. From the frequency characteristics shown in FIG.
15, in the embodiment shown in FIG. 13, compared with the
embodiment shown in FIG. 9, attenuation poles are gener-
ated at both a high frequency side and a low frequency side,
so the frequency characteristic is better.

Meanwhile, in each embodiment shown in FIG. 9 through
FIG. 14, though the dielectric .layers 28a, 28b and so on are
used as the capacitors 26a and 265 connected between the
two pattern electrodes 16a, 1656 and the two input-output
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electrodes 24a and 24b, a chip capacitor, a capacitor formed
by a gap capacitance or the like, may also be used as the
capacitor. For example, compared with the embodiment
shown in FIG. 9, as shown in FIG. 16, as the capacitors 26a
and 26b connected between the tip parts 22a, 22b of the
pattern electrodes 16a, 16b and the input-output electrodes
24a, 24b, chip capacitors are respectively used. Or, com-
pared with the embodiment shown in FIG. 9, as shown in
FIG. 17, the tip parts 22a, 22b of the pattern electrodes 16a,
165 and the input-output electrodes 24a, 24b may be closely
formed, so that a gap capacitance therebetween may be used
to form the capacitors 26a and 265 connected between the
tip parts 22a, 22b of the pattern electrodes 16a, 165 and the
input-output electrodes 24a, 24b.

Also, in each embodiment shown in FIG. 9 through FIG.
14, though the second parts 20a and 20b of the pattern
electrodes 16a and 16b are respectively extended from the
first parts 18a and 180 at an angle of 45 degrees, it is
suificient to form the second parts 20a and 205 so as to cross
each other, so the second parts 20a and 200 may be formed
at another angle. For example, one angle may be 40 degrees

and the other angle may be 50 degrees.

Furthermore, in each embodiment shown in FIG. 9
through FIG. 14, though having two pattern electrodes, that
is, two resonators of length A/4, the present invention can be
applied to a high-frequency filter having three or more
pattern electrodes, that is, three or more resonators of length
A/4. In this case, the second parts (the open ends) in two
adjoining pattern electrodes may be formed so as to cross
each other, and a dielectric layer may be formed between the
overlapped parts.

Also, in each embodiment shown in FIG. 9 through FIG.
14, though as described each example has a substrate having
a high dielectric constant, the present invention is not limited
to a high dielectric constant, in view of the miniaturization
in the line direction of the pattern electrodes.

Furthermore, in each embodiment shown in FIG. 9
through FIG. 14, though as described each example has
resonators of length A/4 having one end connected to the
earth electrode, the present invention is also applicable to a

high-frequency filter with each resonator of length A/2
having one end open.

Also, in each embodiment shown in FIG. 9 through FIG.
14, though one dielectric substrate is used, the present
invention is also applicable to a triple plate high-frequency
filter wherein plural dielectric layers and so on are laminated
and made uniform. In this case, since the coupling between

the pattern electrodes becomes strong, the present invention
becomes especially useful.

[t will be apparent from the foregoing that, 10 while the
present invention has been described in detail and illus-
trated, these are only particular ilustrations and examples,
and the present invention is not limited to these. The spirit
and scope of the present invention is limited only by the
appended claims.

We claim:

1. A high-frequency filter co

a dielectric substrate;

an earth electrode formed on one main face of said
dielectric substrate; and

plural pattern electrodes formed on the other main face of
sald dielectric substrate so as to be opposite to said
earth electrode, |

wherein first parts of said plural pattern electrodes are
formed substantially in parallel and separated by an
interval,

prising:
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second parts of said plural pattern electrodes having first 2. A high-frequency filter according to claim 1, wherein a
and open ends are formed so as to extend away from further capacitance 1s formed between respective open ends
said first parts at their first ends in non-parallel direc- of said plural pattern electrodes.
tions, and 3. A high-frequency filter according to claim 1, wherein

a non-magnetic dielectric layer is formed so as to provide 5 each said pattern electrode forms a quarter-wave resonator.

a capacitance at an overlap between the second parts of

said plural pattern electrodes. ¥ ok k% %
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